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TUESTION #1. What is the unit of quantity, current, pressure and 


ANSWER 


Wi 


#l. 


CUESTION #2. 


ANSW3R 


#260 
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Third Week. 


re; Measurement of Resistance. rf 
As 


resistance? 


The unit of quantity is the Coulomb. It is the amount 
of electricity that will flow past any point in a 
circuit, in one second, when the current strength 
is one ampere; therefore: to find the total quantity 
of electricity in coulombs passing through a circuit 
in a given time, multiply the current strength,in | 
amperes,by the time, in seconds; to find the averag 
current strength in amperes, divide the quantity,in | 
coulombs, by the time, in ssconde; to find the time 
required for 6 given quantity of electricity to pass 
a point in a eircuit, divide the quantity of elece- 
tricity, im coulomts, ty the rate of flow in amperes 

If: = current {in smpereg) 
= quantity (in coulombs) 
= time (in seconds) 


I x t 


KFA ton 


feo eto 
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The unit of current is the Ampere. It is the rate of | 
flow ef one coulomb of electricity per second. : 


The unit of pressure is the Volt. One volt is the pres 
sure require to force one ampere to flow through a | 
resistance of one ohm. : 

The unit of resistance is the Ohm. A wire offers one. 
ohm resistance when a pressure of one volt is requ- 
ired to force a current of one ampere through it. 


Write Chm's Law and give Algebrsic symbols and equa- 
tions. 


There are three factors which are present in every 4 
electrical circuit, im which s current is flowing: . 
The pressure causing the current to flow, the resis- 
tance which must be overcome, end the current stren- 
gth which is maintained. These factors have a defi- 
nite relation, and this reiation has been stated ly 
Georg Simon Chm, who discovered the relation, and 


this statement, called Chm's Law, is the most import 
ant equation of the electrical science, as all cale. 


culations in electrical engineering are based on ite 


Chm's Law states: : 
First; The currert in any electric circuit is equal” 
to the electromotive force applied to the circuit, - 
divided by the resistance of the circuit, 
second: The current strength in any circuit increases 
or decreases directly as the E.M.F.,or potential yo 
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i ANSWER #2. Continued. 


difference, increases or decreases, when the resis- 
tance is constant. With a constant pressure the 
current increases as the resistance is decreased, 
| and decresses as the resistance is inereased.B8rief- 
| ly, the curreut varies directly as the E.M.F. and 
inversely as the resistance, 
Third: Tne electromotive force required to msintai 
a certain current strenath ins circuit of known 
resistance, is numerically equal to the product of 
( the current and the resistance. 
The Algebraic symbols for the three factors are: 
| 


I = current (in amperes) 
E = Pressure (in volts) 


R = Resistance (in ohms) 
e 


The Algebraic equations for Chm's Law are: 


r= 2 
iN 
eS DT kt 
R= Tt 


QUESTICN #3. Define the Standard Unit of Current, Pressure, and 
Resistance. 


ANSWER #3. The Standard Ohm is the resistance of a columm of pure 
mercury 1060.3 centimeters long, cf uniform cross- . 
section, and weighing 14-4521 grams at O° Centigrade 

The Standard Volt is defined as 1/1.0183 ef the volt- 
age of s Standard Weston ceil under standard condi- 
tions. 

The Standard Ampere is the rate cf flow of 4 steady 
current which ene standard velt pressure forces 
through cne standard ohm resistance. It is that 
steady current which, when pagsed through a solutio 
of nitrate of silver in water, in a silver volta- 
meter, deposits silver at the rate of 0.001118 gram 
per second. 


CUBSTION #4, What is meant by the terms, "Difference in ?ctential", 
or "Drop in Potential’, or merely "Drop"? 


tnere must be 
a "Difference in Potential," that is, the electrical 


\ pressure in one part of the circuit sust be greater 
( , than in another part. Nature tends to equalize, so, 


if no more pressure were supplied, cr generated, 
the current wouid continue te flow until the pres- 
sure at these two points was equal, until there was 
no "Difference in Fotential." The #.M.¥. is the 
total pressure generated. The "Difference in Poten- 
tial” is any psrt cf the =£.M.*. 1% is that portion 
of the 3.M.". used in causing the current to flow. 
The |.u.F. is the sum of all the "Drops in Potentia 
The "Drop in Potertial" is the volts lost. Pressure 
could ot be lost unless = -urvent pad ween trans- 
mitted ty it. The terms, "“vitference in Potential," 
"Drep in POTENTIAL" and "Drop" are synonomous. 


Z 


CUSSTION #5. Mow many volts are needed to force 4 smyneres through 
58 Ohms? 


Ix 8 


ANSWER #5. Formula: E 


therefore: E 4 x 58 = 232 voltse itis 


SURSTION #6. What current is produced through a resistance of 2.5. 
ohms by an Zlectromotive Force of 46 volts? 


ANSWER #6. Formula: : a re 


therefore: I = w= i864 amperes, Ans. 
wer 


[UESTION #7. Through what resistance + 
amperes? 


Sa 


vill 900 volts produce 4.5 


< 


ANSWEE #7. Formula: Re 


therefore: R= 200 = £00 ohms. Ans. 


JUBSTION #8. Define the Ampere-Mour. A current of 3.5 amperes was 
maintained by a cell for 4 hours, What quantity (Amp- 
ere-Hours) of electricity has been used? 


pere-Hour ig a measurenont of quantity of elec- 
ulty used in a circuit. Cne ampere-hour is the 
EL oy of electricity that would pases any point 


ANSWER #8. The As 
tr 


r 
a cireuit in one hour, when the etrength of the 
rent is one ampere, one ampere-hour is equal to 
pe coulombSe 
ula: Quantity (in ampere-hcurs) = ampse x hours 


therefore: Quantity = 3.5 x 4 2 14 Ampere-Hourg. Ans. 


SUSSTION #9. what ig meant by Milliampere, Vicroampere, Megohm, 
Kilovolt? 


ANSWER $9. When computing unxnuyn values of electrical circuits, 
when the knovn values are very large or very small, 
the use of the units, involves toc many figures, so 
in that cas2 we ing ke. use of parts of the units, or 
many of the units. 

milliamperes is one thousandth of one ampere. 
microampere is one millionth of one ampere. 

megohm is one million ohms, 

kilovolt is one thousand volts. 


be b> be te 


JESTICN #10. Express: 1.5 amperes in Milliamperes, Microamperes. 
10 Milliamperes in Amperes. 5 ohme in Megohms, 0.5 


Megohms in Chms. 7 Yolts in Kilovolts. 0.00035 volts. 
in Kilovolts. 


ANSWER #10. Since one milliampere is one thousandth of cone amp- 
ere, 1.5 amperes must equal 1000 x 1.5 =* 1500 milli 


amperes. Ans 


ANSW3R #10. Continued. 


Since one ampere equals cne million microamperes, 
1.5 amperes must equal 1-5 times 1,000,000 or 


1.5 times 106 which equale 1,5+10@ or 1,500,000 
Microamperese irs. 


Since one milliampere is equal to one thousandth of 
one ampere, 12 milliamperes must equal 10 aivided 
by 1000 or 101 divided by 10° which equals 1072 or 


( eOl amperes. Ans. 
t 


Since one ohm is equal te one millionth cof a megohn, 
5 obms must egual 5 divided by 1,000,000 or 5 


divided by 10° which equals 5°107® or .000005 meg- 

ohms. .ins. 

Since one megohm equals one million eid, eo mezohm 
muet equal .5 times 1,000,000 or Aelia! times 10° 
Which equals 5¢10° or 500,000 ohma. Ans. 

Since one volt equals one thousandth of a Kilcvolt, 
7 volf$s must equal 7 divided by 1000 cr 7 divided 


oS 


by 10° which eguais 7¢107" or .007 xilevolts. Ans. 


| Since one volt equals one thousandth of «= kilovolt, 

0.00035 volts must equal 0.00035 iivided by 1000 o 

3.5°107* divided by 10% which equals 3.5107” or 
©00000035 kilovolts. Arc. 


TUSSTICN #11, what is wseant by Series, Parallel, and 3eries-Pparal- 
lel cireuits?Show by cenventionsal diagram examples o 
esch, using lsisps and a Generator supply. 

ANSWER fll. 

A series cireuit is one in which the rieces are con= 

nected in tandem. See eonventionel diagram of a 
/ series circuit beiow,. 
A parallel circuit is ome in wWaich the pieces are 
eonnected side ty side. See conventional diagram 
of a parallel circuit below. 

A series-parallel circuit is one in which one or 
more piesss are connected in series with a paralle 
combination ef pieces. See conventional disgram of 
a series-parallel circuit below. 


= — One 


conventional conventional Conventional 

diagram of a diagram cf a diagram of a 

Series Circuit. Parallel Cir- Series~-Paralle 
cuite Circuit. 
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“UBSTION #12. What is the Resistance, Voltage and Current relations 
in Series Combinations? Parallel Combinstions? 


ANSWER #12. In a series combination, the resistance is the sum 
of the resistances of the separate parts; the 
voltage across the series ecmbination is the sum 
of the voltages across the separate parts; the 
current through the combination is the same as the 
current through the separate parts. 

In a parallel combination, the resistance is less 
than the resistance of the smallest resistance; 
the voltage across the combination is the same as 
the voitage across each branch; the current through 
the combination is the sum of the currents through 
all the branches, 


CURSTION #13. Three resistanees of 8 ohms, 3 ohms snd 10 ohms res- 
pectively, are joined in Series across s 110 volt 
line. ‘hat current flows through the Series Circuit? 
Whst is the voltage across each Xesistor? 


ANSWER #13. The totsl resistance of the circuit is the sum of the 
resistances of the separate parts: 8 rlus 3 plus 
10 equals 21 ohms, total resistance of the circuite 
To fina the current in the series circuit, we divide 
the line woltage by the total resistance: 


Formula: tz £ 
R 

therefore: | » 110 = 5,238 amperes, Ans. 
41. > 


To find the voltas3 asross each resistor, we multiply 
the resistance of that part by the current flowing 
through that part, and, as the current through a 
series combination is the same as that through each 
part, we multiply 5.238 amperes by each resistance: 


Formulae: £)=1,R), YoslpRo, Exel gks. 


5-238 5.2358 5.238 

8 3 19 
41.904 Volts 15.714 Volts 52.38 Yolts 

Anse ANS "NS e 


SUESTION #14. What is the Rule fcr finding the resistance of a 
Parallel circuit with more than one resistor in the 
circuit? when Resistors are ecual in value? Unequal 
in value? 


ANSWER #14. It must be clearly understood that the total resist- 
ance of a parailel is always less than the resist=- 
ance of the smallest resistor, therefore, to find 
the total resistance, find the reciprocal of the 
sums of tne recinrocals of the separate resistorse 

To find the total resistance of a parallel circuit 
in which all of the resistors have the same resis-= 
-tance, divide the resistance of one of the resis-= 
tors by the total number of resistors. 

To fina the total resistance wnen the parts are un-= 
equal, follow the rule given in part one of this 
question. 


a 


C 


QUESTION #15. Resistors of 2 ohms, 5 ohms and 10 ohms are hooked 
in Parallel. What is the Resistance of the combina- 
tion? : 


ANSWZR 715. Rule: To find the total resistance of a parallel 


ccmbination, find the reciprocal cf the sums of the 
reciprocals of the separate resistances. therefore: 


= total resistance. 


L.C.D. by inspection is 10. 
1. _5, iL=_2, is_ti, o+2+l = 8. 
2 10 5 10 10 #210¢ LO 10 
an = AO 2 1.25 ohms. Resistance of combination.Ans. 
To 


“USSTION #16. A circuit has four branches of 6, 9, 8 and 12 ohms, 
If &6 smperes fliow in the circuit contsining 9 ohms, 
what current will flow in each of the others? 


ANSWER #16. To find the voltage across the 9 ohm resistor, we 
: multiply the current by the resistance: 6 x 9 
equals 54 volts. 
As the voltage, in a parallel combinaticn, is the 
same across sach branch of the circuit, to find the 
surrent across each of the other branches, we divi- 
de the voltage of the branch by the resistance of 
the branch: 


a Tt 
Formulae: Ij2 co a er Eg Tu= 73 Tee Ey 
< ra e m —e 4> =-* 
Ri R o 2 
aes 1 NO ne Ry 
Ij = 54 = 9 amperes, ans. 
Q 
Io s +4 = 6 amperes. ANnSe 
as at = 6.75 amperes. Anse 
14. ae = 4.5 amperes, Ans. 
& 


“UESTION #17. What are the uses of Voltmeters, Ammeters? How sre 
they hooked in a circuit? 


ANSWER #17. A voitmeter is used in a circuit to measure the 
electrical pressure in that circuit. Since a volte 

. meter igs te register the pressure, end not the 
aurrent flowing through the circuit, it is tapped 
on to the line. The circuit is not disturbed by 
the voltmeter. 

An ammeter is used ina circuit to measure the actua 
current flowing through the circuit, and to to this 
the circuit must be opened ana the ammeter inserte / 
ed into the circuit. extreme care must be taken , 
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ANSWER #17. Continued. 


to avoid tapping an ammeter cn to 8 line, as the 
great rush of current, in this case, would ruin the 
instrument. 

An amnueter and a voltmeter may be used in conjunction 
with each other to measure the resistance of the 
circuit, by inserting the ammeter in series with 
the circuit, and by placing the voltmeter in paral- 
lel with the circuit, that is, by tapping it around 
the circuit. The reading on the voltmeter is divid 
by the reading on the ammeter to find the resistance 
of the circuit in ohms. 


“UESTION #18. What is the Unit of Power? ‘what is the ccmmon Units 
of electrical Work or "nergy? 


ANSWER #18. The Unit of Power is the watt. It is the power used 

when one volt causes one ampere ef surrar:t to flow. 
It can readily be found by multiplying the current 
in amperes by the pressure in volte. 

The unit of Work is the joule. It is a watt-second, 

These units sre too small for use with the output of 
most electrical machinery, so we use a larger unit. 

The kilowstt is equal to one thousand watts, The kilo 
watt-hour is equal to 3,600,000 watt-seconds or 
joules. 


CUSSTICN #19. Give Al 


braic Symbcls and fquations for finding 
Power g 


ze 
ongumed in s circuit. 

ANSWER #19. When: P is power (in watts) 

I is current (in amperes) 
E is pressure (in volts) 


An Algeoraic “quation may be stated: 


a) 


Pe ul 


Variations of this equation may be expressed by sub-= 
stituting in Chm's Law, making it possible to com- 
pute the power when only two of the three factors 
are knowns 


Since: PF = IE and EIR, ¢ must also 


equal I(IR) er I®R, 


a 
Since: P =s IE and I: a PF must also equal 
rf 
7? a 
(Ja cr 3 


3 


- cf course the same re=- 


Fe) 


© an) 2 
Therefore: P = If sI°-R = 


Ww 


sult may be obtained by computing the unknown facto} 
in the power equation by Ohm's Law and then finding 
the power consumed by the first equation, but the | 
use cf the equations set forth above will save much 
mathematical work. 
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CUESTION #20. 


ANSWER #20. 


SUTSTION #21. 


ANSWER #21. 


toa 
Foe. 


“USSTION 


NSWER #226 


ANSWER F236 


‘ 


“UTSTION 724, 


ANSWER #24. 


‘hat is the Horsepower, Hilowatt ond vatt output of a 
Generator which must deliver Y amperes 6% 140 volts? 
Formula: Pets 
therefore; P= 9x 140 = 1260 watts.jAns. 

746 watts = 1 Horsepower, 


Nhat power is consumed by a Motor on a 110 volt 
circuit if it requires 7 amperes to operate? 


Pormula: P= Is 


re 
w 
© 

iT) 


therefore: Pose x 770 watts. ARS. 
triesl Horsepower? Why 


jhat is meant by Kilowstt, 71 
ed to 2 Cutput of Bleetrical 


Sc 
ry ad 
are these terms us: eaxuressa 
Nechinery? 


A kilowatt is equal to 1000 watts. 1 watt 
1/1000 of a kilowatt, or .0G1 kilowatt. 

An electrical horserower is equal to 746 wstts or 
«746 kilowatt. 

These terms are used to express 
cal Machinery because the watt 
toe be of value when computing 
an electrical circnit. 


would be 


Cutput of Blectri 
is usually too small 
ne power consumed in 


he Tower of s 15 Horsepower Motor could be rated ss 
how mary Kilowatts? Watts? 


B 


0 746 


l Horsepovier = Kilowatt, 


15 Horsepower = 11.19 Kilowatts.An 


Since: 1 Horsepower = 746 watts. 
15 Horsepower = 746 x 15 = 11,190 watts. Ans. 


a 


2,orn : sae 
therefore: }£56 watts = — = 1.669 Horsepower.jns 
3 


1000 watts = 1 Kilowatt, 


i 
do 
> 

a 


therefore: 1200 watts = 1.2260 Kilowatts..ins. 

1000 SOF oma ye See ee pen ey a a 
vhat instrument is used to measure the Power consumed 
in s @ireuit? What does it ecensist of and hew hooked 
in a eireuit? 


Nhe instrument that measures the poner consumed in a 
circuit is called the wattmeter. It is sa combination 
of a voltmeter and an ammeter, as the power in watts 
is the product of the current times the pressure, 
The ammeter part is of low resistance to measure the 
current flowing through the circuit, and the volt- 
meter part is of high resistance to measure the ZS 


ANSWER #24. Continued. 


pressure in the circuit. Most wattmeters have four 
terminsls, two for the ammeter side, snd two for 
the voltmeter side. The ammeter side is hooked 

in serieg with the part of the eircuit being meas~- 
ured, and the voltmeter part of the wattmeter is 
hooked in parallel across the part being measured. 
The same care must be taken in connecting a watte= 
meter in a circuit, that is taken in connecting 

an ammeter ina circuit. If the ammeter side is 
connected in parallel with the circuit, there will 
be a great rush of current and the meter will be 
burned up. The indicator on the wattmeter is regu~ 
lated to read the product of the current times the 
pressure, which is the power in watts. 


TUESTION #25. How is the ‘Tffisiency of Zlectrical Appliances found? 


ANSW&R 


What terms is Efficiency expressed in? 


#25, The efficiency of an electrical appliance is the rati 


TURSTION #26. 


of the output of the applisnce to the input of the 
appliance. Therefore, to find the efficiency of the 
appliance, compute the value cf the ratio, that is 
divide the output by ithe input to find the per cent 
efficiency. There is heat gererated in any electri-~ 
~cal circuit and this hest, in most cases is lost 
energye This lost heat is the cause of loss of ef- 
-ficiency in an electrical appliance. The only ap- 
-“piiance that may be termed orie hundred per cent 
efficient is one which maxes use of the heat genera 
-ted by the flow of current, such as an eleetrical 
neater, or an electric irote 

She output of an appliance is less than the input so 
the value of the ratio wouid be less than unity, 
therefore the fraction is stated in terms of percen 
tage. 

The input and the output must be stated in like terms, 
If the input in watts, and the output in horsepower 
or kilowatts,is known befere proceeding to find the 
value of the ratio, the watts must be changed to 
horsepower or kilowatts, or vice versa. 

cisney has a 15 Horsepower Motor which re- 

amperes at £40 volts’ 


The inrut is the power cconsumed from the line: 
Formula: PF 2s 

therefore; P = 74 x 240 = 17,750 watts inpute 
The output is 15 Horsepower. Before we can find the 


efficiency, we mist cnange the Horsepower to watts, 
so that we compare like terms: 


ue 


l Horsepower 746 watts, 


15 Horsepower 15 x 746 = 11,199 watts output. 


Se ee i i ses, ie iii eee amend sdan. 


ANSWER #26. Continued, 


Efficiency = Output. 
input 
"fficiency = aE cE = .63006 


Therefore, the Motor is 63% efficient. Ans. 


CUSSTION #27. What tfficiency ef transmission for as circuit which 
receives 12 Kilowstts from a Generator st one end 
and delivers 11.5 Kilowatts to a Motor st the other 
end? 


ANSWER #27. The invout is 13 Kilowatt and the output is 11.5 Kilo- 
watts. They are like ters, so: 


eo gubpt 
3fficiensy = lubrut. 


Qfficiency = = = .8846 


Therefore, the efficiency of trangmigsion is 88%.Ans. 


SUSSTION #28. What measure is used for Wire? Why? What is the Unit 
of this measure? 


ANSWER #28. The circular measure is used for wire. It is used be- 
cause most wire is round, and to measure the cross- 
sectional area in square inches would be very in- 
convenient. The unit of the circular measure is 
the circular unit of area, which is the circular 
mil. Une circular mil is the area of a circle whose 
diameter is 1 mil in lengthe The mil is one thousan 
dth of of one square inch. the term “mil” is used 
because "mil" alws ys means 1/1000. Just as in the 
coinage of the Cnited States: One mill is equal to 
1/10 of 1 cent. One cent is equal to 1/100 of 1 
dollar, so 1 mill is equal te 1,10 x 1/100 or 
1/1000 of one dollar. 


[USSTION #29. How is the Circular Mil Area of a wire cbtained? How 
is the Ares in squsre inches obtained from a wire or 
irae? 


ANSWER #29, The circular mil sres of s wire is cbtsined by square 

; ing the diameter in mils. [ff the diameter of the 
Wire is expressed in inches or fractions of an 
inch it is advisable to change the inches or frace- 
tions of an ineh to mils before squaring the dia- 
“meter, se gauge, thouzh there are 1000 mils in one 
inch (linear measure) there are 1000 x 1000 or 
1 .900,000 circular mils in one square inch. 

The area of a wire or a circle in square inches may 

be ootained hy the formula for finding the area of 
a cirele: Pi x r*, where Pi equals 3.1416 and r 
equals the radius "of the cirele. 


pet, tenants AMAA i A nt en hme 


SUSSTION 
in diameter? 
ing 1450 circular mils? 


Cne inch is 
is equal to 


ANSWER #30. 


Squaring the diameter in mils: 


nm” 
i 


bo OD 3,025 


en en erect 


When the circular mil area is 
diameter in mils, is 


is knowns therefcre, 
of a wire containing 
the square root of 1450: 


q 


Oe 


Q 


Ze / aaa: 


en af 
ae 


76148 
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CURZSTICN #31. «hast is the Unit cf wire? 

#31. The unit of wire i 
a @rogs pepe 
length of one 


of the eastauane 


199) 


resistance 


Mw 


~ The K 


the 


varies according te 


#30.’ What is the Circular Mil Area of a wire 0.055 inch 
What is the diameter of s wire contain-| 


equal to 1000 mils, 
1000 times 0.055 or 55 mils. 


eireular mils. 


rnown, finding the 

the reverse prog ess of finde 
ing the circular mil area when the diameter in mils 
to find the diameter in mils 
1450 circular mils, 


ies) 
10 07 
e 
Cc 
N“N 
@ 
53 
oad 
t~ 
a) 
= 


YOOO, cr .038978 inches. 


ve 


uaa in 


divi? 
a lege orsic 


registance 3 
length in feet. 
dis meter in ilis. 


therefore 0.055 inch 


Ans, 


we find 


which is 


An 


It is a wire having 
tircular mil and a 
the esleulation 


Fah 


wire. | 


ae 4 


wey 


in ohmse | 


of mil-ft. in ohms. 


at 


ww 


the kind of metal used in 
wiree The Kl is divided by a©° beesuse 


the resis- 


tance of a wire is inversely proportional to the 


eross section area, 


on = Mn iat ses 


scatman nly» nnn nia naaciinr ints 


CUSSTION 733. 


What is the resistance of 3 miles of copper wire 


three sixteenths of an inch in diameter? 


Tint les ns a1 
ee 
1 mils, go there 3X 


t are 
ene reat in 3 miles. 


or 


The resistance of 1 mil-fect of copper at 20°C. is 
10.4 chms, 
= 10.4 OLLIS e 
1 5 15,840 Leet. 
srs ee (sroltiplyin 
63360 
158400 
164" 3000 
Z . ; 6 ' : 
— of sn inch equals .1875 inches. There are 1000 
Lo 
mils in one inch, therefore, in .1875 inch, there 
gre 1000 times .1875 or 187.5 mils. 
asa 
197.5 
187.5 
575 (multiplying) 
P3125 
15000 
1675 
45156.25 ecireuliar mils. 
Klos 
qe 
40685 
FAW ER UN Pe 
35). 560k EDe/ L547 “6 0D gGOG 
L40685 Go 
S41 Loos 
£1993950 
pote 3 
22125000 
£04750 Co 
Ey doy gel Wipes) 
Eygck 75 
Therefore, tnere are 4.685 ohms resistance in 3 
miles of copper wire three gixteenthe cf an inch 


in diameter. Ans. 
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QUESTION #34. 


ANSWER #34. 


SURSTION #36. 


ANSWER #36. 


Wheat is the resistance cf 1000 feet of 4000 circular. 
mil wire? 9000 circular mil wire? What size single 
conductor wire (using B & S Tables) would have the 
Same resistance as the 4000 sirecular mil wire of 
the seme length? 


Follewing the formula: Kl would egual 10.4 times 

the length in feet, or 10.4 times 1000 which equals | 

10,490. Dividing Kl by the d©, which we already haves 
10,400 divided hy 4900 is equal to 194 hy 40: 


2e6 ohmseAnSe 


Proceeding with the second pert the seme way: 
10,400 divided by 9000 is equal te 104 by 90: 
1.1555 chme 


90 /104,0000 


i) 


eins e 


orl 
(3 & 


There is no wire shown in the B& S Tables with a 
circular mil area of 4000 circular mils and a resis- 
ance of 2.6 ohms for 1900 feet, the closest one to 
it being #14 with a circular mil area of 4,106.8 cir-| 
cular mils and a resistarce cf 2.525 chms per 1000 ft. 


AnSe 
It ig desired to install s ecnduetor to esrry 60 smp-. 
erese nat size conper wire should be used? 


It is seen from the Table of "Allewable Carrying papel 
cities of Wires” that 5 #4 with rubber insulation, #6 
with varnished cloth insulation, or #6 with other 
insulation, would carry a current of 60 amperes safely 
within the limits prescribed by the National Slectri- 
cal Code of 1923. 


Draw "EP" Transmitter. 


See diagram on separate sheet. 


tei daa coercion ammenities =~ ills. co a nine mami 
hoes ancl ere annem et ccetmam opetne ie HB gs sai en yor oe 


Explain the "“Ammeter-Voltmeter Method" of measuring 
resistances. Show by eketgh two methods of connectin 
s voltmeter and an ammeter in s gircuit to determine 
the resistance of a lamp. Which i3 the west method 
of messuring s high resistance? A low resistance?Why? 


one of the simplest methods of determining the resis 
tance of an applisuce is ey the "Ammeter-Voltmeter" 
method. A current is sent throuzh the resistor and 
measured by an ammeter and the voltage drop across 
the resistor is measured. To find the resistance it 
is only necessary to apply Ohm's Law: R equals # 
divided by I. But care must be taken to connect the 
meters properly so that there will be no appreciab 
error. There are two methods. one is to insert an 
ammeter in series with the resister sand tap a volte 
meter around the resistor. The fault with this met 
hod is that the ammeter will read high by as much 
curre:t as will flow through the voltmeter. 

The other method is to comnect an ammeter in series 
with the resistor snd tap a voltmeter around both 
the resistor amd the ammeter. In this case the am= 
meter reads only the current flowing through the 
resistor but the fault is that the voltmeter will 
read high by as much as the voitage drop across the 
ammeter. 

{he second method is best for measuring a high resig-~ 
tance previding a high voltage is used, because the 
voltage across the ammeter would be too small to 
affect appreciably the reading of the high reading 
voltmeter. Most ammeters have a iow resistalcee 

The first method is hest for measuring s low resistan 
ce becauss the error in this method is in the amme- 
ter reading, which reads too high, by the amount o 
current flowing through the voltmetere Since most 
voltmeters have a high resistance, the amount of 
current flowing through it would be too small to 
affect appreciably the reading of the ammeter. 

Te find the errcr in the first method: Pind the cur~- 
rent flowing througn che voltmetar by dividing the 
reading of the voltmeter by the resistance of the 
voltmeter. Next, subtract the current through the 
voltmeter, from the reading of the ammeter, to find 
the current through the resistor. fhe error is the 
ratio of the aurrant through the voltmeter to the 
current through the resistcr,stated in ner cent. 

To find the error in tne seaeeond method: Find the vol- 
tage drop across the smmeter ty muitiplying the 
reading of the ammeter by the resistances of the 
amneter., Next, subtract tha drop acress the ammeter 
from the reading on the voltmeter, to find the drop 
across the resistor. The errer is the ratio ef the 
drop across the ammeter to the drop acress the res 
istore It is thus plain to see that the first meth 
ig best for measuring a low resistance with a low 
cotential and that the second methed is best for 
measuring a high resistance with a high potential. 

one disadvantages cf the "Ammeter=-/oltmeter" metheds 
is that the voltmeter must be accurately calibrate 
to read volts snd the ammeter must he accurately 
calibrated to read amperes, 


ANSWER #36. Continued. 


Sketch cf the two methods of conneeting a voltmeter 
and an ammeter in a circuit to determine the resis 
tanee of a lan: 


| Pa Ti 


bk First Method. For Seeond Method. For mease~ 
measuring low resis= uring high resistaneese 
tances. 
[URSTICN 437. A resistanee is tu be megsnred. A Z volt Yoitmeter of 
200 ohme regicuascc2 and sh ammeter of 0.90909 chm rea- 
ices. (The voltmeter is shunted sround the unknown 
recistenee and the ammeter}. The voltmeter resds 2,0 
volts snd the ammeter reads 52.9 amperes. “Yhat perce 
2arror is made in this messurement? 
. . 
| ANSWER #37. Ea across Hesistor and Awmeter = & volts. 
Ba acrose: Aumeter, sy Chma Law 
(B = IR) .22098 x 52 = eU45 volts. 
ig serogss resister ecuale the 
vid yoQea ke yaIsarn tata t TF a4 
oy $e * q 3 
difference between total Ba and 
Bd seress amneter: 2 = ,045 S 16709 YOLte. 
Formula: 
= 3 &6TCSs Anne vsr ote 
kersent error = = Se 2 iG 


Ei aeress eats 


2 2045 we 


: sPoent Oo ——ee aAJG SX Se QO = er. e 
Fer t error x LOO Zed 2rrer.Ans | 
‘ 1.95: anne 
i ; 
Co: SURSTICN #38, =xplain the "Fall of Potential-Method" of measuring 


resistance, shat is needed for this methed? Show by 
sketch how the Meters and Resistors are connected in 
the circuit. 


NSWER #38. In this method, a kncwn resistance is connected, in 
series with the unknown resistancee The laws of series 
circuits state that the current is the game throughout 
a series circuit. And Ohm's Law tells us that, if the 
current is const taut, the voltage will vary directly 
with the resistance < Therefore, it is only necessary 
to counect a voltmeter around the known resistance, 
take that reading; connect the same voltmeter around 


ANSWER #38. Continued. 4 


the unknown resistance, and taxe that reading. The 
value of the unknown resistance will havea the same 
ratio to the known resistance as the voltage drop 
across the unknown resistance will have to the volt 
age drop across the known resistance. This may be 
stated in the form of an equation; 


Bx sz Ve 
R V1 
Where: ity = Unknown resistance. 
2 «# Known resistance. 
Vo = 2g across unknown resistance. 


YY, 3 44 across known resistancee 
This is the same as a proportion: 
Ry : Ri: Ve: Vy 


Since R, Ve, and Vj are known, to find Ry we divide 
the product of the means (R and Vp) by the known 
extreme (V)), 


For this method is needed: A xnown cr standard resis-= 
tance, a source of supply, and a veltmeter,. The 
voltmeter need now be accurs*ely calibrated, pro- 
vided the deflections are proportional to the volte 
age and it is an accurate method of measuring low 
resistances if the voltmeter hag a high resistance, 
or is replaced by a galivanometer. This shunts very 
little current around the series resistance. 


Sketch of connections using this method: t 


R H 


SUESTION #39. What are the advantages and disadvantages of measuring 
Resistors by the Fall of Potential-Method? 


ANSWER #39. The advantages of this system are: That it is not 
necessary to have an accurately calibrated voltmete: 
so long as the deflections are proportional to the 
voltages low resistances may be accurately measured’ 


ANSWER #39. Continued. 


“URSTION #40. what does the "Wheatstone Bridge" consist of? Draw 


ANSWER 


#406 


provided the voltmeter has a high resistance, or i 
replaced by a galvanometer, which shunts very litt 
current around the series resistance. Using a pot= 
entiometer, no current is shunted arsund the resis 
tance therefore low resistances may be measured 
accurately. 

The dissdvantage of this method is that one of the 
resistances must be known. Such a resistor, the 
resistance of which is standard, is very seldom 
fourid outside a laboratory, therefore the value of 
the unknewn resistor will be only a close approxie- 
matee 


converitional diazgrsin and explain how the value of an 
unknewn resistance is determined by this method. Sho 
the fundamental equation of the "Nheatstone Bridge”, 


The "Wheatstone Bridge” consists of a loop of four 
resistances, one of which is unknown. A battery 
supplies the current end is cormnected so that the 
current is divided into the two branches, returning 
to the battery from the other side of the loop. A 
key is inserted in the battery eircuit to break th 
circuit. A galvanometer ig connected across the tw 
branches and a key is inserted in series with the 
Zalvanometer. 


conventional diagram of the "Wheatstene sridge"s 


ca 


D 

The current exters at B, divides into two parts, one 
flowing through the branch of Rand Re, the other 
flowing through the bransh cf R; and Ra. Both Keys | 
are closed and the resistors 2, Ry and Rp (which 


are variable) are varied until the galvanometer 
shows no resding., This "balsnces"the bridge. Point 
‘A and © then have the same potential, therefore th 
voitage drop across 2 atid Ry must be equal and the | 
voltage drop across 2 and RZ must be equal, there; 
fore: The ratio of R to R2 must equs) the ratio of 
RL to R3. This is the fundamental equation of the 
"Wheatstone Bridge": 


R: R2 :3 Rl =: RB 


